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 Abstract 
   The geomagnetic micropulsations with the period from about 120 sec to 600 sec which 
are observed in high latitude (these pulsations are noted by pc4 and pc5 according to the 
Berkeley resolution of 1962) are considered as the standing oscillation of the geomagnetic 
field lines which pass through the stations in high latitude. The primary wave will 
be excited by the monochromatic source force acting radially in the exosphere on the 
equatorial plane, and it will propagate to the north and south hemisphere separately 
along the field line. The multiple partial reflections and transmissions of this primary 
wave can be expected at the boundary of the ionosphere at the high latitude. The 
authors calculated the power spectrum and polarization of this standing oscillation 
between the north hemisphere and the south  hemisphere, and the effect of the 
anisotropic ionosphere on these  hydromagnetic oscillations. It is interesting that 
only odd mode oscillation is predominant if the source force acts symmetrically on 
the equatorial plane in the outer exosphere. The rotational sense of the primary 
wave is not influenced by the anisotropy of the ionosphere and the local dependence 
of the sense of rotation of the vector of pc5 is not explained by the effect of aniso-
tropy of the  ionosphere  . The amplitude of the disturbance produced by the primary 
HM-wave which has counterclockwise sense are larger than that of disturbance, 
produced by the primary HM-waves which has clockwise sense. These results are 
consistent with the observational facts obtained by many authors.
1 Introduction 
   It is well known that the geomagnetic pulsations of long period are observed 
frequently at high latitude and those periods are from about 150 sec to 600 sec. 
Recently the morphological studies of these pulsations are developed by many authors 
(see the references). 
   It is one of the interesting characters that the sense of the rotation of the vector of 
these long period pulsations show the counterclockwise on the morning side while these 
show the clockwise on the evening side on the north hemisphere. The amplitude or 
the occurence frequency of the  micropulsation of which sense of rotation is  counter-
clockwise is greater than that of the pulsation of the clockwise. The sense of the rota-
tion is reversal each other between conjugate points. 
   On this characters many authors discussed too (see  references). Kato and Tamao 
discussed on this character and explained this rules of the polarization of the pulsa-
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tion assuming the axial-asymmetric radial stress acting on the boundary of the outer 
exosphere under three-dimensional model in the uniform stationary magnetic field. 
   In the present paper the authors calculated the effect on this character of the 
anisotropic ionosphere, the effect of the conductivity of the earth is also considered. 
The power spectrum of the oscillation of the disturbance or the effect of the anisotropic 
ionosphere on the polarization of the oscillation is also calculated taken into consider-
ation of pure ALFVEN mode being predominant in high latitudes. These results of 
calculation are compared with the observational facts and discussed also where is this 
paper.
2. The idealized problem 
   It is probable that pc4, or 5 will be produced by the primary HM-waves of pure 
Alfven mode excited by the fluctuation of solar wind's velocity acting on the magneto-
pause, or by CT-mode  (TAMAO 1964) propagating into magnetosphere. In order to 
calculate the effect of the  anisotropic ionosphere on the hydromagnetic wave, the 
following idealized model was adopted. We assume that the plasma is composed of 
electrons and protons. Then,
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Now, using the next concentration of electron from WHISTLER'S data, 
 n„  103 electrons/cm3,  H0 7.3  X  10-2 gauss, at L  — 1.6 
 ne0 30 electrons/cm3,  H0 2.5  x  10-3 gauss, at L  — 5.5
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we have the next table.
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Under this condition, 
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     mp (aviat)nP 5.4  x  104  X  /-2  L=5,5 
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where  co: angular frequency of hydromagnetic waves 
     1: dimension of magnetosphere 
       7) 1.7 x 10-6  at  L  =  1.6 
          v x Ho(Tee ft)ciwce)-1  5.4  x  10-5  L  =  5.5< 
                                                     for co= 103 
   Therefore, viscous term in the macroscopic equation of motion and Ohmic term 
can be neglected and also Hall term, plasma oscillation term are neglected in com-
parison with dynamo term for the frequency of hydromagnetic region. Moreover, we 
assumed that the ionosphere is a thin sheet, neglected its thickness compared with the 
wave  length; X,=----3x  108-  3X  109cm. for  T,...._,30sec and  VA-  107-108cm/sec, 
where  T: period of the wave 
     VA:  ALFVAN waves velocity. 
   WATANABE (1962) indicated that the ionosphere must considered as anisotropic 
metal  (EM-III region) for the pure transverse waves having the period of 30-1000 sec, 
which is shown in Fig. 1. As for conductivities of the ionosphere, we used the values of 
 ci,„=10-8 e.m.u. and X  10-8 e.m.u. and other appropriate values, for investigating 
the effect of the anisotropic ionosphere on the hydromagnetic oscillations.
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where  crlh: height integrated Pederson conductivity 
 01,2: height integrated Hall conductivity. 
    For the earth's conductivity, the value of  10-11 e.m.u.,  10-15 e.m.u.,  10-16 e.m.u. 
are used. 
   The model which is used in this calculation is shown in Fig. 2. (i) Uniform 
geomagnetic filed H in Z-direction, pure ALFVEN mode, of its period is  30<T<  1000 
sec. (ii) Anisotropic metalic layers are at  z=0 and z=21. 0<z<21: HM-region. z--.0, 
 z>21: EM-region. (iii) Source force,  Fccei't  5 (z-1) is at z=1: equatorial plane. co: 
angular frequency. (iv) Cartesian coordainate. y-axis is taken to the east, z-axis is 
taken to the direction of magnetic field. (v) Constant ALFVEN waves velocity is 
assumed as  5X  107 cm/sec, as its mean value in space.
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3. Theoretical treatments 
 [3.  1] Fundamental equations 
   Under the conditions of  2., 
as follows,
and the solutions in  HM-region; 
the fundamental equations to be
 0<z<21, 
solved are expressed
rot  E  =  —         3h          at  (3-1) rot  h—  4  Ir  j (3-2)
div h 0
 13037.  =  j  x  H,+  F
(3-3)
(3-5)
 E  +  x H,=0 (3-4)
where  p0: 
    E: 
     H0: 
      v: 
     h:
mass density of plasma 
electric field of disturbance 
geomagnetic permanent field 
macroscopic velocity of plasma 
magnetic field of disturbance
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 VA  : Alfven waves velocity 
 F: source force 
 j: macroscopic current of plasma 
 lx,  ly,  I: unit vectors along x, y, z, axes. 
From (3-1)  (3  5), wave equation is derived as follows,
 E  —V  A2  E  Ho  — X 
a Z-2  pa
 a  F
 t2  at (3-6)
We write
F =  (F,  lx  +  F2 lY)  •  e"  a  (z  —  1)
 E=  tE,  (z)  +  Ey  (z)ly}  e" 
where  co: angular frequency of the source 
     F1,  F2: arbitrary const. 
Then from  (3-6),
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Taking particular solutions whi 
from the source,
ch propagate separately to the north and to the south
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substituting into  (3-1),
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 [3.2] Fundamental equations and 
   Basic equations are expressed as









   rot  h  =  4  re  j  
: the earth's conductivity
(3-17) div  h  =  0  
. Expressing with E only,
(3-18)
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 kt2  E  (z, t)  = 0 (3-19)  kt2--  —4  n'  icr (3-20)
   The solutions of the equation which is finite, 
(a) if z>21
 Ex (z, t) =  C0(1)  eiN-kt(z-27))
 by  (z,  t)  =  (--k 
 co  )C  0(x)  eq,01-k  t(z. -21)  )
 ±  co) is given as follows,
 (3-21)
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(b)  if  z  <  0
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where 
 [3.  3]
 I 
 I
 13-   Boundai conditions on the anisotropic ionosphere 
   Boundary conditions on the anisotropic ionosphere are 
 n  X  {  (h)2  —  (I)1}  =  4  it  tic (3-26) n  x  {  (E),  (E)1}  =  o 
 Js =  c,h E  cr2hlz  XE (3-28) on z  = 21, 0 
where  n: unit vector directed to medium II from medium I 
     suffix  1,  2: indicate solutions in each medium 
 J,: surface current on the ionosphere (see Fig. 6). 
 [3.4] Reflection matrix and transmission matrix 
   As we consider that the primary HM-waves, excited by the source 
polarized arbitrary, we use the reflection matrix and the transmission matrix.
 Ex (z, t) =  Do(x) eivot+k tz) 
hy.(z, t) = (—  klw)  Do(x)  ei{-t+ktz} 
 E,,  (z,  t)  D0(v)  eti-'+1'tz) 
 hx  (z,  t) =  (ktlo) Do(Y)  ei(.)1+ktz) 
 Do(x),  130(Y): arbitrary const. 
 :y conditions on the anisotropic ionosphere 
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boundary conditions as shown in [3.3], and solutions in [3.1], [3.2], we can express 
R,  T, as follows, 
         R =      (y1' 72,1t2,                      (3-29) T = (l') (3-30)       —r2 ,r1,—t2,  11, 
 2k \Yle, k 2k   ()1+  ()  ±  CO  )
                                                                2 
 ri=   -1 (3-31)  r,  —k                                               --: kCOk
t(3-32) 
      (pi + co+ cok  )2+1,22  (pi + t.CO )+, p22 
 ti. = r1 + 1 (3-33)  12 =  72 (3-34) 
                                 where  P1  = 4  7r  0-,h, P2 = 4  7r  cr2h
[3.5] Resonance oscillations composed of multiple reflections and transmissions of 
   primary HM-waves 
   The primary HM-waves produced by F are expressed as follows, 
         1E+(i) (z, t)=E0 ei{("--k (Z 1)}                                         for  z  —  l  >  0 (3-35)  h+(') (z, t) =  (kI0))  I, x  E0  ei(''-k(z-1))
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Fig. 4-8 Direction of principal axis of resonance oscillation produced from the primary waves of 
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for  z  1  <  0 (3-36)
 E0
 HO  F2
 2  po  V  A
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 (3-37)
where  KF(1),  140  ,: waves propagating to the north 
 E_(s)  ,  h_(1),: waves propagating to the south. 
   Each primary wave propagates to and fro between the north hemisphere and 
south hemisphere along the line of force, then, the standing oscillation is produced. 
the source is continuous on time, the standing oscillation to be observed is given 
follows, 
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                                  (0 
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              1, 0, \ 
        E=--unitary matrix, 
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 Q  =__                                                     (3-40)                —  2  a2  r1  r2,  1 —  a2  (r12  r22), 
               1  — a2  (r12 —  r22), 2  a2  r1  r2, 
 (3-41)  —2a2r1r2 , 1  a2  (7.12  r22) 
(B) In the HM-region of south  side  :  0  <z<  1 
 Ep  (r)  (z,  t)  =-E0e".1.[E  eik(") R  e-14(z+1) a2 R  eik(z+j) a2 R2  e-ik(r-1)] 
                                                    (3-42)
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 Fig.  4-40 (b) Resonance spectrum produced from the primary waves of circular polarization of 
               counter clockwise sense in Fig. 3. 
          (c) The peak value. 
 hp" (z, t)  =1,  X  E  0  eiwt  • ( k •  Q 
                                  co 
 X  [ — E  eik(z-1) R  e-ik(z+1) a2 R  elk  (z.  +I) a2 R2  e—ik(z-1)1  (3-43) 
(C) In the EM-region of north side:  z>21 
 E  p(')  (z, t) =  Eo  e"   ;   • T  •Q  •  [E  eikl R  e-  e—ik  t  (z-21)  (3-44) 
 hp  (t)  (z  ,  1) =  1,  xEo e"   )  •a-  T  •  Q  •  [E  R  e-  e—ik  t(z-21)  (3_45) 
(D) In the EM-region of south  side:  z<0 
                                                                               • 
  Ep(t) (z, t) =  E0 e"•TQ•   • [E R a2  eik  e (3-46) 
 hp(t)  (z, t) =lz  xEoe"(h
itT • Q                    )   • [ER a2eike(347)          1 
 [3.6] Polarization and vector diagram of the standing oscillation. 
   If the primary HM-wave  h+" is assumed as follows,
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                                 e             tEut x-component 
     h+°)  (1,I(3-48)                            1 
p  es  ('"-F4") y-component 
                                     on  z  1 
where p,  ,: real 
   The standing oscillation to be observed on the surface of the north hemisphere 
expressed, using (3-45), (3-35), (3-48), 
 hp(t) (21, t) = ht(1) (1, t)•  kktT• AQ  • [E R  e-141 (3-49) 
 kt a  VA  (011 +  i  0  ii*)  e' + p  eiS (012 +  i  012*)  e1 x-component. 
 • 
            zi X  (011  i  ,1*) p  e14  e"  (012 +  i 012*)  ei  t  y-component. 
where 011, * ,O..                      Ix 012,012*,: real. 
(A) Polarization. 
   From (3-49), we have 
 thp(t) (21,  01,1  fhp  (t)  (21,  t)}„ = A  ei"  (3-50)
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          A = /412*2(ui u2 +/41* u2*)2 +  (ui  u2* -tti*u2)2}1/2 (3-51) 
                  U*u *            l—2——1—2(3 -52)                  tan X  =                           /4042+%.* U2* 
 u,= p  (012 cos  C —  012* sin  C') 
 u,* = p  (012 sin +  012* cos +  011* 
                                                    (3-53) 
 u2 = p  (011 cos  —  011* sin  0 —  012 
 u2* = p  (011 sin +  011* cos —  012* 
where,  indicates:  O<X<7r,: counterclokwise nse  
:  7r<X<27t,: clockwise sense  
:  X=0,  n,  27r,  : linear polarization on the surface of the north hemisphere 
          as viewed along the line of force from the equatorial side. 
(B) Vector diagram 
  We have  1  {hp  (I)  (21,  t)}xi am(t) 
from (3-49),
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Taking the real part of  hp(t) (21, t) 
                 Re  [h  p  (t) (21,  1) =  am(t)  cos  co  t , 
                Re  [hp  (t) (21,  t)3,]  am(t) A cos  (co t X)  ,
      lx _n 2         =1-(1 —  cos2X)/cos2A                          + 12sin2  0siAcos X11/2 •  am(t) 
                        1
2sinA20  1,  — 1(1--A  cos2 X)/sin2  0 +——cos2 0 —cos X-1/2 •  am(t) 
 tan  2  0  —12A2•cos X,             —A2 
where  lx: half  major axis 
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 A*1 
   Therefore,  1,,  1,,  6), X, am(t) and A were calculated with computer NEAC-2230, 
taking p,  ,  VA,  cih,  cr2h, and a-, as parameters and the period  (2n/co) as a variable. 
The power spectrum is so sensitive to the period near the peak that the computation 
was carried out with the time interval as short as 0.1 second. If  p--=1,  -=.±7.ri2, the 
standing oscillation is identically equal to the primary waves in the rotational sense and 
in the shape of vector diagram (circular) except the amplitude  (3-49). 
   From (3-45), (3-47), the rotational senses of the standing oscillation are reversal 
each other on the geomagnetically conjugate points. And that, N-S-component is
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parallel, but E-W-component is anti-parallel between the conjugate points, as shown 
schematicaly in the Fig. 5. 
4. Results of the numerical calculations and the physical interpretations. 
   The values of  lx,  l,,  A„ and  0, which are shown in 3. are calculated numerically 
in the two cases that the  T  f  „„d  =41/  VA  : fundamental eigen period of the line of force 
through the station is  600sec, and 300sec, and the calculations were made respectively 
in the cases that the sense of rotation of  140 or  ILO at the source are circle, ellipse 
or linear as shown in Fig. 3. 
(i) Fig.  4-1-(a) shows the eigen periods of the line of force. The eigen periods  T  fandin 
(where  n=,1,2,3..  ..) become somewhat longer than those of perfect reflection. Of 
course the phase difference between the reflected wave and the incident wave is just 180 
at the periods of  Tf,yolit in the case of the perfect reflection on the surface of the ion-
osphere. But it shifts to some what longer period if we consider the effect of  Ciih,  cs,h, 
and a- as is cleary shown in Fig. 4. 
(ii) Fig.  4-1-(b), Fig. 4-2-(b), Fig. 4-3-(b) and Fig.  4-4-(b) show the resonance 
spectra, which show the period dependence of amplitude and effect of the ionosphere 
on the observed pulsation. It is clear that the only odd mode  T=T  f  „„d12n  +1 (where n=
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0, 1,  2,  ....,  T: period of primary waves) is predominant in the power spectra. 
   The amplitude near the fourth or fifth mode is about  1/3-115 of that of the funda-
mental mode, not-with-standing that the ratio observed actually in auroral zone is 
about  1/10-1/300. This  may be due to the power spectra of primary waves.  JAcoBs 
and WATANABE (1962) calculated the absorption of the travelling wave of PT-mode, in 
the inner magnetosphere. PRINCE and BOSTICK (1964) calculated the absorption of the 
travelling wave propagating into across the line of force along the equatorial plane, in 
the magnetosphere, and they showed the peak value, having a large amplifying factor, 
in pc2 or pc3 region. 
   As is cleary shown in Figure only odd mode is predominant because we considered 
that the source force acts symmetricaly on the equatorial plane. On the contrary, 
only even mode will be predominant if we consider the source force which acts anti-
symmetricaly on the equatorial plane. These characters are very interesting but the 
statistical observation is not yet sufficient to recognize this result of calculation. We 
will investigate on this character in near future. 
   HORTON and  HOFFM  AN (1962), showed the power spectra analyzing the records 
of telluric current and those of geomagnetic field in subauroral zone. SANTIROCO 
and PARKER (1963), MOTHER, GAUSS and CRESSWELL also showed the power spectra 
in subauroral zone. From these power spectra, it is clear that there is a broad valley 
between the fundamental mode and the second mode.  WILSON (1963) showed that 
there is the eigen periods of  1: 2: 4 or  1: 3: 6, in the oscillation of sc, after analyzing 
sc using the magnetograms in College and Sitka. 
(iii) Fig. 4-10—(b), Fig. 4-11—(b), Fig. 4-12—(b) and Fig. 4-13—(b) show that the power 
spectra for the different values of the earth's conductivity. The power spectra 
become sharp and the shift of the resonance periods becomes small according to the 
increase of the earth's conductivity. The reason is that the incident waves become 
more perfectly reflected on the surface of the earth as  cr increases. 
(iv) Fig. 4-1—(c), Fig. 4-2—(c), Fig. 4-3—(c) and Fig. 4-4(c) or Fig.  4-10—(c), Fig.  4-11— 
(c), Fig. 4-12—(c) and Fig. 4-13—(c) indicate the peak value of the power spectra. Fig. 
4-1—(c) and Fig. 4-2—(c) show that the peak value increases as the value of  aih and  62k 
increases, near the fundamental mode. While it is reverse in Fig.  4-3—(c) and Fig. 
 4-4—(c). 
(v) Fig. 4-5 and Fig. 4-6 show the value of the amplitude,  1„, or  l,, against the period 
in the different sense of rotation. From these figure, the amplitude of the disturbance 
due to the primary wave whose sense of rotation is counterclockwise is about 1-30% 
larger near the fundamental mode than that of the disturbance due to the primary wave 
whose sense of rotation is clockwise sence on the north hemisphere. Moreover, the 
figures shows that the sense of rotation of the vector of the disturbance becomes to 
linear polarization, in spite of the primary waves is elliptical porarization, near the 
resonance periods. 
   This reason may be considered as follows. The resonance oscillations produced 
from  h+  () and that from  h_(1), are shifted about  71-/2 in phase so that  1„ from  h+  (0 and
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this of  h_(') become almost parallel and  l,, from  h+) and that of  h_(i) is almost anti-
parallel on the surface of the earth. 
   Following is the value in the ionosphere (120  km). 
 (Dci  — 102  c/sec,  vin 102  sec-1 (N2+, N2) 
 ro,e"- 106 c/sec,  yen—  104  sec-1 (T-300 K) 
where  (Oci: gyrofrequency of ion 
 r,,„: gyrofrequency of electron 
          ion-nutral collision
 vet,: electron-nutral collision 
Under such a condition, electrical drift becomes current (Hall current) as the  electron 
is gyrofree contrary to the ion. 
   Pederson current works on the incident geomagnetic disturbance as the shielding 
effect. While, Hall current works on the disturbance to increase the amplitude. There-
fore, the amplitude of geomagnetic disturbances to  be observed on the surface of the 
earth becomes larger or smaller according to either Hall current is effective to the 
incident disturbance or Pederson current is effective to it. 
   Further more, the electrical field of the disturbance (polarization drift) seems to 
work on the gyrating charged particle so that the difference of amplitude between 
that of disturbance of clockwise sense and that of counterclockwise sense will be 
produced. The analysis of NAGATA, KOKUBUN and  IIJIMA (1963) is compatible to our 
calculation. And the analysis of KATO and UTSUMI (1964) is also compatible to our 
results if the occurrence  frequency of pc4 or pc5, is statistically equal both in the 
morning side and in the evening side. 
(iv) Fig. 4-4-(b) and (d) shows resonance spectra of  lx and  4. As the figure show, it 
is clear that the disturbance polarizes elliptically on the earth not-with-standing the 
primary waves being linearly polarized, and if the primary wave has linear polarization, 
the disturbance on the earth has the sense of counterclockwise near the resonance 
period (see Fig. 4-9 (b)  ). 
 (vii) Fig. 4-9-(a), Fig. 4-9-(b) indicates the rotational sense which should be observed 
on the north hemisphere. 
   Upper figure of Fig. 4-9-(a) is the case of  p=1/2,  "--7r/2, and lower figure is the 
case of  p=1/2, 
Fig. 4-9-(b) is the case of  p=1,  =7t (see Fig. 3) 
where  O<X  <1  : counterclockwise sence 
 1<X<2: clockwise sence 
 X=0.1.2  : linear polarization 
    It becomes clear by these calculations that the rotational sense of distrubance on 
the earth is same as that of primary waves in the outer ionosphere. 
(viii) Fig. 4-7, Fig. 4-8 show the effect of the anisotropy in the ionosphere on the 
direction of the principal axis of the vector diagram of the disturbance on the earth, 
and Fig. 4-14 and Fig. 4-15 show the same charactor for the case of the different values
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of the earth's conductivity.  ()  changes sharply near the resonance period, and  0 changes 
about 0° 50° to the North-West if the value of  cr,h,  0-2h, increases. 
   The rotational sense will not be affected by the anisotropy in the ionosphere. This 
is compatible to the observation of PARTER and CAHILL  (1964). The rotational sense 
is reversal between  conjugate points according to our calculation  (B). This is corn 
patible to the results of NAGATA, KOKUBUN and  IIJIMA (1963) and SUGIURA and 
 WILSON (1964) on the subject of the rotational sense. 
5. Conclusion 
(a) It is cleared that the local time dependence of the sense of rotation of the 
vector of pc4 or pc5 is not explained as the effect of the anisotropy in the ionosphere 
for the primary HM-waves, which is initial polarized lineary. 
(b) The rotational sense of primary HM-waves which is polarized elliptically does not 
be changed even if we consider the anisotropy in the ionosphere. 
(c) It is interesting that only odd mode oscillation is predominant if the source force 
acts symmetrically on the equatorial plane in the outer exosphere. 
(d) The amplitude of the disturbances produced by the primary HM-wave which has 
counterclockwise sense are larger than that of disturbance, produced by the primary 
HM-waves which has clockwise sense. This is compatible to statistical results that the 
amplitude of the disturbances in the morning side which has counterclockwise sense of 
rotation is larger than that of disturbance in the evening side which has clockwise sense 
of rotation. 
(e) The amplitude of the geomagnetic disturbances due to the resonance oscillations 
become about 100 y near the period of 600 sec, even if the source field is 1  y, if we con-
sider only Ohmic energy loss and the fundamental period of the line of force through 
the station is 600 sec. 
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